The most important processes which take place in a technical system are the operation and service processes. Knowing the actual technical state of the system, it is possible to make a decision whether the system can operate or should be serviced. The efficiency of the system operation and the possibility of the failure occurrence strongly depend on the relevancy of this decision. The technical state of the system is described by the system features affected by the time histories of its operational parameters. Unfortunately, the amount of the operational parameters can be significant. Therefore, it becomes purposeful to identify the operational parameters significant from the system technical state evaluation point of view. In the article, the universal method of the significant operational parameters identification and the research carried out in a real industrial system to verify its correctness and the accuracy are presented.
Introduction
The operation and maintenance phase is one of the technical system lifecycle phases. During it, the extraction of the operational potential included in the system takes place. The potential is integrated into the system during the evaluation, designing and production phases. The operational potential is defined as the ability of the system to operate with designed efficiency in a designed interval. 1 It means that the operational potential is the function of the technical state of the system.
At the beginning of the operation and maintenance phase, the specified amount of the operational potential is included in the system. During the operating processes execution, the system transforms the potential to the effects of the operation. 2 The effects depend on the efficiency of the transformation process and the amount of the operational potential consumed during the operation.
The identification of the technical state of the system makes it possible to identify the disposed amount of the operational potential. In a moment, when the disposed amount of the operational potential is close to zero, the system reaches the boundary state. The boundary state is the technical state in which the system manifests symptoms qualifying it to exchange. 3 At this moment, the maintenance processes should be started to increase the disposed amount of the operational potential and to make the next operating task executions possible.
The technical state of the system, described by the vector of the cardinal features (technical state vector) (equation (1)), can be interpreted as a point of the n-dimensional space where n is the cardinality of the cardinal features set. 4 The space is called the technical state space of the system. In Figure 1 , the technical state and the technical state space of the system for n = 2 are presented
where s is the technical state of the system, x i the value of the system cardinal feature no. i and n the cardinality of the cardinal features set.
The amount of the operation potential included in the system is the function of its operation position. Therefore, it was stated that the operational potential included in the system is expressed in the form of a vector. The starting point of the vector is the origin of the coordinates system and the end point of it is the point of the real operation position of the system s R . The amount of the operational potential included in the system is the length of this vector. 5 The technical state space of the system is Cartesian, 6 so the considered length is calculated by the Euclidean metrics 7, 8 according to formula (2) Pu(s R ) = ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi X n i = 1
where Pu(s R ) is the amount of the operational potential included in the system in a state s R and x Ri the value of a feature no. i of the real operation position of the system s R . Because of the forcing factors influence, during the system operation, the values of the system features change, thereby the operational potential decreases and the technical state of the system changes. 9 If the operation process is performed in the period Dt u between time t 1 and t 2 , the change in the operational potential included in the system can be described by the following formula (3) 10 Pu(t 1 ) = Pu(t 2 ) + DPu f f where Pu(t 1 ) is the amount of the operational potential for time t 1 , Pu(t 2 ) the amount of the operational potential for time t 2 , DPu the change in the operational potential, ff i d (Dt u ) the time history of the forcing factor no. i dependent on the system operation in the period Dt u and ff j id (Dt u ) the time history of the forcing factor no. j independent from the system operation in the period Dt u .
The forcing factors dependent on and independent from the system operation are characterized by operational parameters monitored during the operation and maintenance phase. Thus, the identification of the system technical state changes can be accomplished by identification of the system features changes as a function of the operational parameters time histories. However, in this point, the problem of the number of the operational parameters registered during the operation process arises. Their numbers increase with rising complexity of the systems and such trends can be observed in different branches of transport and industry.
Simultaneously, it should be noted that the operational parameters monitored during the operation and maintenance phase are important from the operation process management point of view and they do not have to be significant in terms of the technical state identification. Therefore, to calculate the change in the operational potential on the basis of the operational parameters time histories, it is necessary to determine the group of the parameters significant from the operational potential point of view.
Accordingly, the main objective of the described studies is to propose the universal identification method of the important operational parameters from the operational potential point of view which can be used in case of any complex technical systems and is based on the influence of the operational parameters time histories on the values of the cardinal features of the system.
The operational parameter is defined as important because of the operational potential point of view when its time history affects the change in one of the cardinal features of the system in a significant degree. For this reason, in completed analysis, the time histories of the operational parameters registered during the operation process are the input values and the change in the value of the system cardinal feature is the output value.
It was decided that the creation process and the verification of the adequacy of the proposed method of the important operational parameters identification will be accomplished on the basis of measurement vectors registered during the performed industrial research. The duration of the operation process [t 1 , t 2 ] will be divided into n p intervals [t s , t e ] for which the start and end time will be defined. For each interval, the measurement vector will be created. The vectors will consist of the series of the operational parameters values registered in the interval and the difference between the feature value for start and end times of the interval Figure 1 . The technical state of the system s for time t 1 expressed in technical state space of two features x 1 and x 2. . mv j (x l ) :
. .
where x l is the cardinal feature of the system no. l, po i the operational parameter no. i and i = 1,..., npo, npo the number of the operational parameters and mv j the measurement vector no. j.
The identification method of the operational parameters important from an operational potential point of view
The problem of the most important arguments of the multidimensional projection z (equation (5)) identification can be solved using the fuzzy curves chart method
where z k is the k-dimensional projection, ap k the argument of the projection no. k and vp the value of the projection. The method exploits the fuzzy sets theory to deal with the uncertainty of real measurements. This type of approach is successfully applied in a wide range of research. 12, 13 According to the method for the specified values of each argument, the cross sections by the surface determined by the concerned projection are defined. If the projection is described by set of the points of R k + 1 space designed by measured values (measured points), then the membership of each measured point to each cross section is calculated according to Gauss function by formula (6) 
where m(ap Ã i , j) is the value of the membership function of measured point no. j to cross section defined for ap
value, j the number of the measured point, ap i_j the value of the projection argument no. i of measured point no. j, wmf the factor defining the width of the membership function and ap Ã i the value of the projection argument no. i specified for the concerned cross section.
The stochastic nature of real data is commonly taken into consideration using the Gauss function properties. 14, 15 The calculated weighted mean values of the cross sections formulate the curve. The difference between minimum and maximum values of the curve is the measure of the dependency between the value and the analysed argument of the projection.
To apply the method described above, the space, the value and the arguments of each projection should be defined. Because the time histories of the operational parameters are the input values of the method, the function space F npo + 1 x i is the space of the projection formulated for the feature x i . 16 In this space, the npo dimensions are the sets of the time histories of the operational parameters and the npo + 1 dimension is the set of the time constant functions for which the value is equal to the difference between the start and the end values of the feature x i . The time history, in the specified interval [t s , t e ], of the operational parameter no. j for which the change in the ith feature value equals to 0 was defined as the zero time history (ZTH) of the jth operational parameter in the space F npo + 1 x i . It is the jth coordinate of the origin of the coordinate system for the space. In such a space, each measurement vector is expressed in the form of a point. These points create, in the function space, the surface which is the graphical interpretation of the projection -the argument of the projection and Dx i the change in the value of the feature no. i adequate for the considered space -the value of the projection.
If in the set of the registered operational parameters time histories, there is not the time history causing zero change in the feature value than as a ZTH of the jth operational parameter in the space F npo + 1 x i , the time history causing the minimum change in the feature value is assumed. It can be interpreted as a transposition of the origin of the coordinate system to the point determined by the new zero time histories.
In the defined space, the distances between time histories and the ZTH of each operational parameter are the arguments of the projection, and the difference between the start and end values of the feature for each interval decreased by the difference between the start and the end values of the feature for ZTH is the value of the projection 
where po k k L 2 is the norm of the L 2 space. In the space described above, the scalar product is defined by formula (12) 
Using the properties of Hilbert space, it was stated that a normalized correlation coefficient equation (13) is a measure of similarity for limited energy pulse signals
where a po ip , po iq is the normalized correlation coefficient of signals.
The value of the normalized correlation coefficient depends on the shift of signals in relation to each other along the time axis. In the case of the operational parameters time histories, the signal shift should be of no significance because the change in the feature value depends on the value of the forcing factor and is independent from the start time of the period of the factor impact. In connection with this, the value of normalized function of signals correlation was accepted as a measure of similarity for the considered signals 
To calculate the maximum similarity of the signals, the maximum value of the normalized correlation function is used. As far as the time histories of the operational parameters are concerned, the measure of the similarity of the signals should increase with the growth of the distance between the signals. Therefore, the measure of the distance between time histories of the operational parameters was finally described by formula (16) where x l is the lth cardinal feature of the system, po i the operational parameter no. i and i = 1,..., npo and mv j the jth measurement vector. The obtained form of the measurement vector is compatible with the multidimensional projection z described by equation (5) . Applying the fuzzy curves chart method to the projection z, important operational parameters are identified. Then the measurement vectors for each feature are transformed to the form of reduced measurement vectors
where x l is the lth cardinal feature of the system, po il the operational parameter no. i and i = 1,..., nspo(x l ), nspo(x l ) the number of the important operational parameters for the feature x l , rmv j the jth reduced measurement vector, Dpo i the distance between the time history of the ith operational parameter and its ZTH and Dx l is the change in the value of the system feature no. l
It should be noted that the proposed method is a system approach to the elimination problem of the unimportant inputs of a model. The unimportant inputs reduction simplifies the structure of the model and the process of the model parameters tuning, decreases costs of the data collecting, increases the model operation rate and in case of complex systems can be the necessary condition of the model generation. The main advantage of the proposed identification method is its universal and procedural character. Therefore, opposite to other methods (e.g. trial-anderror method), it is objective and can be applied to model the huge, complex systems with complicated multidimensional relations between their elements. The method considers separately the influence of each input signal on the model output. Thanks to it, the comparative analyses on two-dimensional charts can be performed even in case of very complicated systems. It is also possible to observe the character of the monotonicity of the output-input correlation (increasing or decreasing). It should also be underlined that the described theory is a unique extension of the fuzzy curves chart method to the function space. This extension broadens the possible application field of the fuzzy curves chart method from values domain to the signals time histories domain.
Carried out industrial research and the data analysis
To check the adequacy of the described theory, it was applied to analyse the real industrial system according to the procedure presented in Figure 2 .
The analysis was carried out on the steam boiler OP-650k-040 produced by Rafako company, 22 operating as a part of the 200-MW power unit. The boiler belongs to the group of the most popular pulverized fuel-fired boilers, the steam drum hard coal-fired boilers. Currently, in the Polish National Power Grid, 45 OP-650k-040 boilers are operated, which means that about 30% installed power of the power system is generated by this type of boilers. 23 The operation tests were carried out on the technical object consisted of eight power units equipped with OP650k-040 steam boilers and 13K215 steam turbines. During the tests, the time histories of the 60 operational parameters were registered. The period of the registration was equal to 15 months. The values of the operational parameters were recorded once per minute in the form of the measurement sets consisting of the momentary values of the operational parameters and the time of registration. The registration frequency was forced by the data collecting system. As a result of the analysis of the dynamic of the thermodynamic processes performed in the considered power industry devices, the frequency was accepted as a sufficient one. After the operational tests, 5,440,008 measurement sets, recorded on all power units, were obtained.
The collected measurement data were verified by the filter system. The filter system was developed on the basis of limitations origin from the defined ranges of the operational parameters of the 200-MW power unit consisting of OP-650k-040 steam boiler and 13K215 turboset. 24 As a result of the filter system application, the correctness of each registered measurement was determined.
Simultaneously, it was stated that the steam boiler of the power unit can be treated as a complex, relatively separated system which means that impacts between the boiler and the rest of the power unit operational system are limited to a finite amount of connections unequivocally described by the finite list of operational parameters. 25 Therefore, from the set of registered operational parameters, the list of boiler operational parameters and the parameters characterizing the power unit influence on the boiler was extracted. Subsequently, the accuracy of the measured values of the chosen operational parameters was determined. The operational parameters of the low quality of the registration were excluded from further analysis. In this way, the measurement sets of the operational parameters were formulated. The list of the operational parameters included in the measurement sets is presented in Table 1 .
It was assumed that the identification of parameters which time histories have significant influences on changes in the system cardinal features will take into consideration only the measurement sets registered during the power unit operation and having all the operational parameters from Table 1 verified as valid.
The technical state of the complex operational system of OP-650k-040 boiler is described by the values of the system features. The features define its technical state space and simultaneously the quality of the system operation. 26 Therefore, it was decided to identify the system cardinal features (the dimensions of the system technical state space) from the set of the deviations calculated in the technical control of operation (TKE) method of the power unit operation quality verification. The method is commonly used to verify the quality of operation of the power unit devices.
In this method, the deviation of the chemical energy consumption Dq ze is calculated as a difference between the real amount of the chemical energy consumption q zer in generation process of an electrical energy unit and its nominal value q ze where Dq ec is the deviation of the energy consumption (expressed as heat) (kJ/kW h), q rec the real unitary heat consumption (kJ/kW h), q nec the nominal unitary heat consumption (kJ/kW h), Dq e the deviation of the heat consumption in 1 kW h electrical energy generation process existing because of external reasons (kJ/kW h), Dq i is the deviation of the heat consumption in 1 kW h electrical energy generation process existing because of internal reasons (kJ/kW h) and Dq o the deviation of the heat consumption in 1 kW h electrical energy generation process existing because of different reasons (kJ/ kW h).
The deviation can be expressed in heat or in the reference fuel units. The values presented in the article are expressed in heat units because the heat units are primary in relation to the reference fuel units.
The deviations existing because of the internal reasons Dq i are the most significant in the identification process of the technical state of the system. In total, more than 40 mutually connected deviations are distinguished. Taking into consideration the most important of them, the following equation is obtained
where q1 is the deviation of the heat consumption in 1 kW h electrical energy generation process calculated due to the temperature of the main steam (kJ/kW h), q2 the deviation of the heat consumption in 1 kW h electrical energy generation process calculated due to the pressure of the main steam (kJ/kW h), q3 the deviation of the heat consumption in 1 kW h electrical energy generation process calculated due to the temperature of the secondary reheated steam (kJ/kW h), q4 the deviation of the heat consumption in 1 kW h electrical energy generation process calculated due to the steam pressure loss in the secondary reheater (kJ/kW h), q5 the deviation of the heat consumption in 1 kW h electrical energy generation process calculated due to the water injections into the secondary reheated steam (kJ/kW h), q6 the deviation of the heat consumption in 1 kW h electrical energy generation process calculated due to the real temperature of the feed water (kJ/kW h), q7 the deviation of the heat consumption in 1 kW h electrical energy generation process calculated due to the real pressure in the condenser (kJ/kW h) and q8 the deviation of the heat consumption in 1 kW h electrical energy generation process calculated due to the decreased boiler efficiency (kJ/ kW h). The enumerated deviations describe the operation quality of the various subsystems of the power unit. It should be noticed that not all of them are connected with the technical state of a boiler. Moreover, some of them characterize the operation process and are not directly connected with the technical state. Therefore, only q3, q4, q5 and q8 deviations are chosen for further analysis as the cardinal features which determine the technical state space of the considered boiler. 27 For each measurement vector, the value of the boiler operation efficiency and the values of the selected deviations were calculated according to the following formulas Pressure of outgoing steam of high-pressure part of turbine MPa 5.
Temperature of outgoing steam of high-pressure part of turbine -left side°C 6.
Temperature of outgoing steam of high-pressure part of turbine -right side°C 7.
Temperature of secondary reheated steam -left side°C 8.
Temperature of secondary reheated steam -right side°C 9.
Pressure of inlet steam of medium-pressure part of turbine MPa 10.
Temperature of feed water°C 11.
Temperature of exhausted gases -duct 1°C 12.
Temperature of exhausted gases -duct 2°C 13.
Contents of oxygen in exhausted gases before rotary air preheater duct 1 % 14.
Contents of oxygen in exhausted gases before rotary air preheater duct 2 % 15.
Contents of oxygen in exhausted gases after rotary air preheater duct 1 % 16.
Contents of oxygen in exhausted gases after rotary air preheater duct 2 % 17.
Amount where sia is the secondary injections amount (t/h) and P the active load (MW)
where q nec is the nominal unitary heat consumption (kJ/ kW h), h nb the nominal value of the boiler efficiency and h npu the nominal value of the power unit efficiency Using the calculated values of the cardinal features of the boiler in the periods of operation before and after renovation, for each power unit, the intervals were specified for which all the cardinal features are defined. The intervals are presented in Table 2 . The start and end times of them are expressed as a number of milliseconds elapsed since 1.01.1970.
The operational parameters time histories were divided into parts of 1-day duration (1440 min). The borders of the parts were calculated as follows where Dt is the time period of the time history part and t 0 the start time of the period (ms). The start and the end times of each part should be included in the periods from Table 2 . This requirement was introduced to obtain the operational parameters time histories for which it is possible to calculate values of all cardinal features of the system for start and end times. Because of that, the time histories of power units 3 and 8 for period after renovation were excluded from the analysis. It resulted from the lack of the values of the q8 deviation because of excessively low quality of the registered data. Therefore, the technical state of the object was not clearly determined for this period of time.
Each part of the time histories was saved in separated file. If in the time period of the part there were no measurement vectors recorded, the part was not taken into consideration. Similarly, the part was not taken into consideration if the time distance between recorded measurement vectors or between the part start time and the first measurement vector or between the part end time and the last measurement vector was longer than 1 h (60 3 60,000 ms).
If the time of the first measurement vector in a part was different than the part start time, then for the start time the parameters values were inserted into the file. They were calculated from the values of the first measurement vector of the part and the last measurement vector of the previous part applying the linear approximation method
where t sp is the start time of the part, t p_last the time of the last measurement vector of the previous part, t c_frst the time of the first measurement vector of the current part, po i the operational parameter no. i and i = 1,..., npo and npo the number of the operational parameters. If such a situation was for the first part, then into the file the values for the part start time were inserted which were equal to the values from the first measurement vector of the part.
If the time of the last measurement vector in a part was different than the part end time, then for the end time the parameters values were inserted into the file. They were calculated from the values of the last measurement vector of the part and the first measurement vector of the next part applying the linear approximation method
where t ep is the end time of the part, t c_last the time of the last measurement vector of the current part, t n_frst the time of the first measurement vector of the next part, po i the operational parameter no. i and i = 1,..., npo and npo the number of the operational parameters. If such situation was for the last part, then into the file the values for the part end time were inserted which were equal to the values from the last measurement vector of the part.
Thanks to the described operations, the 874 parts equal to time length (24 h) were obtained. For each part, it was possible to calculate the values of each deviation for each time in range from the start to the end time inclusive. So it became possible to calculate changes in all deviations for each distinguishable part.
The identification of the operational parameters important from the operational potential point of view of a chosen technical system
Having the time histories of the system operational parameters divided into the parts and having described its influence on the values of the system cardinal features, the identification of the most important operational parameters from the changes in the system technical state point of view (from the operational potential point of view) was performed according to the method presented in the article. To do it, for each deviation the 24-dimensional function space F 24 qi was formulated. Twenty-three dimensions of the space were time histories of the operational parameters of the system and the 24th dimension was the set of the constant functions, the values of which were equal to the difference between part start and part end values of the deviation for which the space was formulated. As a ZTH of each space, the part was treated for which the difference between the start and end values of the deviation was the minimum. The results of the analysis are presented in Table 3 .
On the basis of the analysis results, for each part the value of the projection z qi was calculated according to formula (8) . The arguments of the projection were the distances between the time history part and the ZTH part of the space.
As it was stated earlier, the basic elements of the calculation of the distance between the time histories are the calculation of their scalar product and the calculation of the time history shifted in time. Unfortunately, the recorded parts of time histories were the discrete elements, they had different start time and measurement vectors were not recorded for the same moments. Therefore, the parts of the time histories were transformed. First, the recording time of each measurement vector was modified. Its value was calculated by subtracting the recording time of first measurement vector of the time history part. Thanks to it, the recording time of the first measurement vector of each part was always equal to 0. Subsequently, for the time increased by constant period equal to 60,000 ms, the values of the operational parameters were calculated. If there were values for the specified time in the original part, then they were rewritten to the part after transformation. Otherwise, the new values were calculated according to formula (31)
where t i is the time of the calculated value of the operational parameter po, t p the maximum time lower than t i for which the measured value of the operational parameter po exists, t n the minimum time higher than t i for which the measured value of the operational parameter po exists and po(t) the value of the operational parameter for time t. Dividing the time of each measurement vector by 60,000, the parts of the operational parameters time histories were obtained for which the start time was equal to 0, the end time was equal to 1440, the number of measurement vectors was equal to 1441 and the time distance between the vectors was constant. The applied transformation did not change the shape of the analysed time histories. As an example, in Figures 3 and 4 , the time histories of the left-side main steam was presented for power unit 1 in period after renovation for day 1 before and after transformation.
After transformation, the distances between each part of the operational parameters time histories and the ZTH part were calculated according to formula (17) . Having calculated the values and the arguments of the projection, for each time history of the operational parameter in each of the formulated spaces, the calculations of the fuzzy means were carried out using 874 parts of time histories (the points of the space). For each space, the calculations were performed separately obtaining the result for each individual deviation. For each operational parameter for each space, the domain of the argument was determined as a range limited by 0 and the maximum distance from the ZTH. The calculations of the fuzzy means were carried out using 15 cross sections spread uniformly across the argument domain.
The width of the membership function was equal to 30% of the domain. As a measure of the fuzzy means dispersion, the mean square value, calculated by formula (32), was used
where y(po Ã i (j)) is the weighted mean value of the projection for cross section no. j defined for po * value, nc the number of cross sections = 15 and Dy(po i ) the dispersion of the fuzzy means for operational parameter po i .
Analysing the diagrams and the values presented in Table 4 , the most important operational parameters for each deviation were identified. The parameters for which the dispersion value is greater than the maximum dispersion value divided by 2 were qualified as important ones. If the amount of the important parameters was equal to 1, then the next parameter with the highest value of dispersion was included into the important parameters set. Finally, identified important operational parameters are presented in Table 5 .
For the determined values of the operational parameters, the results of the calculations are presented in Table 4 where the numbers of the operational parameter are identical to the numbers in Table 1 .
For each space, the diagram of the fuzzy means dispersion as a function of the operational parameter number was prepared. The diagrams are presented in Figures 5-8 .
The presence among the important parameters -the operational parameters -for one side and the absence of the same parameters for the opposite side seem to be controversial. Such a situation can be observed as far as the main steam temperature, the exhausted gases temperature, the contents of oxygen in exhausted gases after the rotary air preheater and the temperature of the secondary reheated steam are concerned. After the detailed analysis of the time histories of these parameters, it turned out that in the case of many periods, the time histories are completely different. As an example, the time histories of the temperature of the secondary reheated steam left side (black colour) and right side (grey colour) for power unit no. 5 for the 27th day of the before renovation period ( Figure 9 ) and for power unit no. 3 for the 5th day of the after renovation period (Figure 10 ) are presented. Looking at the diagrams, it is easy to note that the time histories of the operational parameters on the left-and right-hand sides can be significantly different. What is more, they can be different not only in terms of a value but also in terms of shape. The differences are reflected in the presence among the operational parameters important from the operational potential point of view only the parameters for one side.
The correctness verification of the identification of the operational parameters important from the operational potential point of view
To verify the correctness of the identification of the operational parameters important from the operational potential point of view, models for each deviation were created. Using them, the influence of the operational parameters time histories on the changes in the deviation values was modelled. The models were generated according to the method described in the literature. 30, 31 In the method, the models are built on the basis of the input-output samples. In case of the described studies, the samples were in the form of the reduced measurement vectors described by formulas (18)- (20) . The vectors consisted only of the parameters identified during the research described earlier. The set of obtained measurement vectors for each of the deviations were divided into two subsets. The first subset entitled learning data set was used to create the models and the second one, entitled testing data set, was used to verify the correctness of the models operation. As a result of the calculation process, four models of the forcing factors influencing on the values of the system features were obtained.
In the next step, the verification of the accuracy of the generated models operation was carried out. It was performed comparing the values estimated by the models and values stored in the reduced measurement vectors. The comparison was accomplished by the mean relative error calculation over the testing data set
where Dy mean is the mean relative error (%), y FM (rmv i ) the output value of the model for the reduced measurement vector no. i, y o (rmv i ) the output value of the object for the reduced measurement vector no. i, rmv i the reduced measurement vector no. i and nrmv the number of the reduced measurement vectors. The values of the mean relative errors obtained in case of each model are presented in Table 6 . On the basis of the literature studies [30] [31] [32] [33] [34] [35] and research accomplished previously by Pająk, 36, 37 it was stated that the quality of the models generated using applied method strongly depends on the cardinality of the learning data set. Therefore, taking into consideration the amount of the measurement vectors used in learning process of the models, it was decided that the quality of the models answers will be accepted if the value of the error equation (33) for each deviation will be lower than 15% and the mean value of all errors will be lower than 10%.
Analysing the values of the error calculated for the generated models of the forcing factors time histories influence on the values of the system features, it was proved that the identification method described in the article of the operational parameters important from the operational potential point of view can be successfully applied in the case of complex industrial systems.
The implementation of the proposed method involves the operational parameters time history collecting, changes in the system cardinal features measuring, collected data preparation and performing calculations (Figure 2 ). Data preparation consists of input data filtering, cardinal features time functions preparation, input signals time histories division into parts, changing the form of the parts to simplify the calculation process and the choice of the ZTH part of each identified cardinal feature. The calculations according to the fuzzy curves chart method consist of the distance between signals calculation, membership function values and dispersion of fuzzy mean calculations and the most important parameters identification. In case of considered technical system, the values of the operational parameters and cardinal features were collected during 15 months. Cardinal features time functions preparation was performed using SCILAB software using polynomial interpolation. The mean relative error of the estimation was obtained on the level of 10%. The remaining elements of data preparation process as well as all the calculations were accomplished using the software created in JAVA language. These analyses take less than 12 h and consist of analytical analysis based on equations and inequalities systems. In total, the method application requires some time of tests and analysis and therefore was proposed in context of the operational potential consumption of a complex technical system which is a long-term process considered in time horizon expressed in years (in case of steam boiler 5 years).
Summary and conclusion
The theoretical elaborations described in the article and its practical implementation in case of a real industrial system can be summed by the following list:
1. The ability of the system to operate is determined by the amount of the operational potential included in it. 2. The amount of the operational potential depends on the technical state of the system which is described by the values of the system cardinal features. 3. The change in the operational potential amount results from the change in the system features value caused by the influence on the system by the forcing factors characterized by the values of the operational parameters. 4. To estimate the changes in the operational potential of the system on the basis of the operational parameters time histories, it is necessary to identify a group of the parameters important from the operational potential point of view. 5. It is proposed to accomplish the identification of the operational parameters important from the operational potential point of view using the extension of the fuzzy curves chart method for the function spaces. 6. The steam boiler analysed can be treated as a relatively separated system, and thanks to it the amount of the operational parameters taken into consideration can be reduced. 7. The q3, q4, q5 and q8 deviations are the cardinal features of the boiler and they determine its technical state space. 8. Thanks to the implementation of the presented extension of the fuzzy curves chart method for the function spaces, it is possible to identify the operational parameters important from the operational potential point of view. 9. The temperature of the left-side main steam, the pressure of the main steam, the temperature of the right-side secondary reheated steam, the temperature of the feed water, the temperature of the exhausted gases in duct 3, the contents of the oxygen in the exhausted gases before rotary air preheater in ducts 1 and 2, the contents of the oxygen in the exhausted gases after rotary air preheater in duct 1 and the amount of the secondary injections of the water left and right sides are the operational parameters important from the operational potential point of view. 10. Analysing the values of the error calculated for the generated models of the forcing factors time histories influence on the values of the system features, it was proved that the identification method described in the article of the operational parameters important from the operational potential point of view can be successfully applied in the case of complex industrial systems.
The idea described in the article is a universal method of the important operational parameters identification. The method verification was performed using a set of models of the influence of the operational parameters time histories on the changes in the cardinal features of the system. The set of models together is called straight model of the operational potential consumption. It is a general model which can be used to model the operational potential consumption of the technical system as a function of the operational parameters time histories. In future research, it is supposed to develop a revert model of the operational potential consumption which will be used to generate the operational parameters time histories on the basis of real and demanded technical state of the system. Eventually, the proposed method of the important operational parameters identification, the straight and revert models of the operational potential consumption will be combined into one coherent procedure of the operational potential consumption process control to reach high efficiency of complex technical system operation and maintenance management.
The main outcome of the proposed method's implementation in described industrial case is reduction in the amount of the input signals of the straight model of the operational potential consumption from 23 to 2, 3 or 4 (different for different deviations). It is extremely important in terms of the response time, structure complexity and accuracy of the models. The generated models were the Mamdani fuzzy models. Despite the performed reduction in the input signals amount, the number of the models inferring rules was between 20 and 82. Using 23 input signals, the models had been so complicated that its generation and implementation probably would not have been possible at all.
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